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ABSTRACT

Background: Diabetes, is known to have a bilateral relationship with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
Precise mechanism of diabetes onset in COVID-19 patients remains unclear. Aim: To analyse the incidence of new onset
diabetes (NODM) among COVID-19 patients, as well as the effect of body mass index (BMI), family history, and steroid use on the
incidence of the disease. Methods: Adult, not known diabetic patients, tested positive with Rapid Antigen Test or RT-PCR admitted
to a tertiary care hospital and research institute were included in the present prospective observational study. The patients who
developed NODM and NOPD (New Onset Pre-diabetes) during the three months follow-up and the risk factors associated were
assessed. Patients with HbAlc >6.4% were diagnosed with NODM. An HbAlc of 5.7% to 6.4% was used to characterize NOPD.
Results: Out of 273 previously not known diabetic COVID-19 infected individuals, a total of 100 were studied for three months after
consent. Mean age of the patients 48.31 + 19.07 years with male predominance (67%). Among these, 58% were non-diabetics and 42%
were pre-diabetics. 6 (10.3%) of the 58 non-diabetics developed NOPD, and 8 (13.8%) developed NODM. 6 (14.2%) of the 42 pre-diabetics
became non-diabetic, and 16.6% (7) developed NODM. Family history of DM (P < 0.001), severity at admission (P < 0.006), diabetic
ketoacidosis (P < 0.0275), and persistent symptoms were associated significantly with NODM. Those with NODM had significantly
greater BMI, O, duration, steroid duration, FBS, and PPBS (P < 0.001 for all). Nearly 67% of the patients who developed NOPD had
shortness of breath as the common symptom at time of admission (P = 0.0165). Conclusion: The incidence of NODM was strongly
influenced by positive family history of DM, higher BMI, steroid dosage, and its duration. Hence, patients with COVID-19 need to
be under surveillance for blood glucose screening.
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Introduction a bidirectional relationship.” Itis well-known that viral infections

can trigger diabetes.”) Previously, diabetes has been linked to

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is a novel coronavirus that causes coronavirus disease
2019 (COVID-19) times."! SARS-CoV-2 causes an increase in
mortality and morbidity in the eldetly individuals, particularly
in those with comorbidities, such as diabetes mellitus (DM).
Diabetes and SARS-CoV-2, on the other hand, ate known to have
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infections with influenza and dengue viruses in India. There is
also mounting evidence that SARS-CoV-2 can cause diabetes in
people who have never had diabetes or taken glucocorticoids.

COVID-19 associated DM and hyperglycemia were found in
19.70% and 25.23% of patients, respectively,”” but the incidence
of complications such as need for ICU and intubation, varies
between studies, with some showing an increase and others
no difference when compated to normoglycemic patients.!
However, the exact mechanisms causing new onset diabetes
in COVID-19 patients are unknown.P! Several complex
interrelated processes, such as previously undetected diabetes,
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stress hyperglycemia, steroid-induced hyperglycemia, and direct
ot indirect effects of SARS-CoV-2 on the B-cell are likely to be
implicated.”! DM and reactive hyperglycemia have been identified
as predictors of severity in SARS-CoV-2 infected patients.P)

Several research studies reported an association between
COVID-19 pandemic and hyperglycemia in people with and
without known diabetes.*® However, in the Indian context, “ere
is little data on new-onset diabetes and the long-term impact
of COVID-19 infection on glycemic management. To identify
management modalities for patients presenting with new-onset
diabetes during this pandemic and those with hyperglycemia
triggered by severe COVID-19, it is recommended to practice a
rigorous and close long-term follow-up.

As a result, the study aims to analyse the incidence of new onset
diabetes in Covid-19 patients and the effect of BMI, family
history, and steroid use on the incidence of the disease.

Materials and Methods

Study design and settings

We conducted a prospective observational study over a petiod of six
months from March 2021 to August 2021 at a tertiary care hospital
and research institute. Informed consent of all participants was
taken verbally after reading out the form in their native language
and institutional scientific review committee permission was
sought before the study commencement. 273 not known diabetic
patients >18 years who tested positive with Rapid Antigen Test
or RT-PCR and treated at our centre were included. After verbal
consent, study was carried out in 100 individuals as 173 patients
withdrew consent for follow-up. Treatment of all patients was done
as per ICMR protocol. Scientific Research Committee approval
number TIMS/2020-21/08 obtained on 12/03/2021.

All patients were followed up at regular intervals for one month
for steroid dosage tapering and compliance, and after three
months for HbAlc sampling. Patients who lost to follow-up,
unwilling for the study and who are on long-term steroid
treatment were exempted.

Data collection

Demogtaphic data, clinical severity (according to ICMR grading™),
duration of hospital stay, comorbidities, day of illness and day
of admission to hospital, systemic corticosteroid dose during
hospitalization of all patients were documented. Any oxygen
support or need for higher mode of ventilator support was noted.
Laboratory parameters — fasting blood glucose (FBS), post-breakfast
blood sugar (PBES), glycosylated hemoglobin (HbA1c) at admission
and at follow-up using immunoturbidometry method were done.

Definitions

Non-diabetic patients wete defined as having an HbA1C <5.7%.1""
Pre-diabetes and NOPD was defined by an HbAlc of 5.7% to
6.4%."" A diagnosis of NODM was made in patients with
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HbAlc >6.4%.1"1 A requirement of 40-80 mg/day, >80 mg/day,
and >125 mg/day of methylprednisolone was taken as low, high,
and pulse dosage, respectively.''? Steroid induced hyperglycemia
was identified as tise in fasting blood glucose >125 mg/dL in
a previously normal individual who required steroids during
hospitalization.!'? Stress induced hyperglycemia was identified as
tise in fasting blood glucose >125 mg/dL in a previously normal
individual who did not require steroids during hospitalization.

Follow-up

Patients were followed up telephonically for one month for
steroid dosage tapering, compliance, persisting symptoms and
HbAlc after three months (if no steroids were given) and four
months (if low dose steroid was given for treatment) of tapering
steroids.

Statistical analysis

Data was analyzed using Rv4.1.1. Categorical variables were
shown in the form of frequency table. Continuous variables were
shown as Mean = SD/Median (Min, Max) form. Two sample
t test/Welch’s t test was used to compare means of variables
over NODM. Mann—Whitney U test was used to compare the
distributions of variables over NODM. Chi-square test was used
to check the association between attributes. P = 0.05 indicates
statistical significance.

Results

Of 100 patients at admission, 58 were non-diabetics and 42
wete pre-diabetics. Subjects were within the age range of 18
to 84 years with mean age of 48.31 £ 19.07 years and male
predominance (67%) [Figure 1].

Of 58 non-diabetics, 6 (10.3%) developed NOPD, 8 (13.7%)
developed NODM after three months. Of 42 pre-diabetics,
6 (14.3%) became non-diabetic, 29 (69%) remained pre-diabetic
and 7 (16.67%) developed NODM after three months.
Altogether, from HBAlc at admission and three months, 15
subjects had NODM.

39 (67.2%) non-diabetics did not require steroids yet 20 (51.3%)
had impaired fasting glucose levels (stress induced hyperglycaemia)
of which 4 (20%) developed NODM.

Out of 15 NODM, 3 (20%) non-diabetics at admission and
1 (6.66%) pre-diabetic at admission did not require steroids and
did not have impaired fasting sugars and yet developed NODM
after three months.

Table 1 shows baseline characteristics of non-diabetic
COVID-19 patients who developed NODM after three
months. Family history of DM was present in 9 (60%) patients
who developed NODM (P < 0.001). Fever (10; 66.67%) and
cough (9; 60%) were the most common symptoms in patients
who developed NODM. DKA was found in only two (13.33%)
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Table 1: Demographic, clinical, and biochemical
characteristics of the patients by incidence of NODM
after three months

Variables NODM after 3 months P
No=85 Yes=15
Age (years)
18-35 28 (32.94%) 6 (40%) 0.6787M¢
36-65 36 (42.35%) 7 (46.67%)
>65 21 (24.71%) 2 (13.33%)
Mean*SD 49.49119.53  41.6+£15.02  0.0871%7"
Gender
Female 25 (29.41%) 8 (53.33%)  0.087¢
Male 60 (70.59%) 7 (46.67%)
Body Mass Index
<18.5 (Underweight) 10 (11.76%) 1 (6.67%)  <0.001M*
18.5-24.9 (Normal) 63 (74.12%) 5 (33.33%)
25-29.9 (Overweight) 12 (14.12%) 5 (33.33%)
230 (Obese) 0 4 (26.67%)
Mean*SD 21.66+2.76 25%£4.39  0.0117%"*
Family history of diabetes
mellitus
No 80 (94.12%) 6 (40%)  <0.001M*
Yes 5 (5.88%) 9 (60%)
Day of illness (from symptom
onset) at admission
MeantSD, 5.8%2.05 5.93+2.12  0.9337"V
Median (minimum, maximum) 5 (2, 10) 6 (3,11)
Severity at admission
Mild 68 (80%) 6 (40%) 0.006M*
Moderate 12 (14.12%) 8 (53.33%)
Severe 5 (5.88%) 1 (6.67%)
Severity progression
No progression 79 (92.94%) 13 (86.67%)
Mild to moderate 3 (3.53%) 1 (6.67%) 1Me
Moderate to severe 3 (3.53%) 1 (6.67%)
Oxygen duration
MeantSD, 1.16+2.57 3.243.03  0.0015MV*
Median (minimum, maximum) 0 (0, 10) 3(0,7)
Steroid duration
MeantSD, 7.31+14.34  24.07116.65 <0.001MV*
Median (minimum, maximum) 0 (0, 56) 25 (0, 40)
ICU requirement
No 79 (92.9%) 11 (73.33%)  0.0645M¢
Yes 6 (7.05%) 4 (26.67%)
Steroid dosage
No steroid 65 (76.47%) 4 (26.67%)
Low dose (40-60 mg/day) 12 (14.12%) 5 (33.33%)  0.005M¢*

High dose (60-80 mg/day) 4 (4.71%) 3 (20%)
Pulse therapy (125 mg/day) 4 (4.71%) 3 (20%)
Diabetic Ketoacidosis
No 85 (100%) 13 (86.67%) 0.0275M¢*
Yes 0 2 (13.33%)

C-Reactive Protein

Notmal (0-6) 40 (47.06%) 6 (40%)

Mild (6-26) 27 (31.76%) 4 (26.67%)  0.6287M¢
Moderate (26-100) 18 (21.18%) 5 (33.33%)
Symptoms at admission
Fever 50 (58.82%) 10 (66.67%)  0.5676“
Contd...
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Table 1: Contd...

Variables NODM after 3 months P
No=85 Yes=15

Cough 34 (40%) 9 (60%) 0.1492¢
Shortness of breath 19 (22.35%) 0 0.0755M¢
Cold 9 (10.59%) 2 (13.33%) e
Headache 12 (14.12%) 3 (20%) 0.7036M¢
Generalized Malaise 31 (36.47%) 5(33.33%)  0.8155¢
Myalgia 15 (17.65%) 0 0.1299M¢

Comorbidity
Hypertension 27 (31.76%) 5 (33.33%) e
Respiratory disease 6 (7.06%) 2(13.33%)  0.6022%¢

Persisting symptoms after three

months
Polydipsia 3 (3.53%) 8 (53.33%) <0.001M*
Hair loss 12 (14.12%) 6 (40%) 0.029MC*
Polyphagia 6 (7.06%) 6 (40%) 0.005M¢*
Weight gain 4 (4.71%) 3 (20%) 0.0745M¢
Weight loss 0 3 (20%) 0.005M*
Weakness 10 (11.76%)  5(33.33%)  0.056M¢
Body pains 28 (32.94%) 5 (33.33%) e
Cough 19 (22.35%) 2 (13.33%)  0.5262%¢

Shortness of breath 15 (17.65%) 3 (20%) e

C — Chi-square test, MC - Chi-square test with Monte Carlo simulation, W'T' — Welch’s t-test,

MW — Mann—Whitney U-test, * indicates statistical significance

patients with NODM. Hypertension (33%) was the common
comorbidity found in patients with NODM. 9 (60%) of the
newly diagnosed DM patients were overweight or obese. Nearly
75% of the patients who developed NODM took steroids during
COVID-19 treatment (P < 0.005). There was a statistically
significant association between family history of DM, severity at
admission, DKA, persistent symptoms, and incidence of NODM.
There was a significant difference between BMI (25 + 4.39 vs.
21.66 £ 2.76; P < 0.0117), O, duration (3.2 £ 3.03 vs. 1.16 £ 2.57;
P < 0.0015), steroid treatment duration (24.07 * 16.65 vs.
7.31 £ 14.34; P < 0.001) in patients who developed NODM and
those who did not. Out of 15 patients who developed NODM,
8 (53.33%) had moderate severity at the time of admission.

Box plot shows that of the 15 NODM, 7 pre-diabetic and 8
non-diabetic COVID-19 patients before the study turned diabetic
after three months [Figure 2].

The Box-violin plots of FBS and PPBS levels in patients who
developed NODM or NOPD and patients who did not develop
are shownin 3. FBS (113.33 £ 8.34 vs. 101.52 £ 28.88; P = 0.001)
and PPBS (174.4 £ 29.03 vs. 144.92 * 48.39; P = 0.001) after
initiating steroid were found to be significantly higher among
those who developed NODM than those who didn’t develop
NODM. PPBS (194.33 = 40.19 vs. 146.47 + 46.21; P = 0.008)
after initiating steroid were found to be significantly higher among
those who developed NOPD than those who didn’t develop.
Although, FBS (106.83 + 7.76 vs. 103.06 * 27.9; P = 0.2307)
after initiating steroid was found to be higher among those who
developed NOPD than those who did not develop, however
difference was statistically insignificant [Figure 3].
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Figure 1: Flow chart depicting the findings of this study. (Note — Pre-
diabetics at admission were diagnosed Denovo)
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Figure 2: Boxplot showing number of participants. Non-DM:
Non-Diabetes Mellitus, DM: Diabetes Mellitus

P<0.001 P=0.008
200 — F _I
-—
1504 P<0.001 P=0.23
— —
c -—— -
3 100~ = —
=
50
c L] 1 1 L] L] 1 L] L]
§° R §o :\9 §° 7\09 §o 7\@9
& & F &
& Q 3 < L <Q> <{2 Qq>
o°\¥oo § & &9 $oqo $ '0 o QQR
< N $° $o < $0

Figure 3: Box Violin plot for NODM and NOPD FBS: Fasting Blood
Sugar, PPBS: Post-prandial blood sugar, NODM: New onset diabetics
NOPD: New onset pre-diabetic

Discussion

SARS-CoV-2 infection can cause severe systemic inflammatory
response syndrome (SIRS), acute respiratory distress
syndrome (ARDS), multiorgan involvement (MODS), and shock.
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COVID-19 puts individuals with co-existing DM at higher risk
of severe disease and mortality."*'l According to a recent pooled
meta-analysis study, COVID-19-associated NODM patients had
the highest mortality rate (24.96%), followed by patients with
pre-existing DM (16.03%), and non-diabetic patients (9.29%).
COVID-19 associated NODM patients had the highest adverse
effects, followed by patients with pre-existing DM, COVID-19
associated hyperglycemia, and non-diabetic patients.”

In our study, 15 (15%) patients with NODM were found among
the 100 patients admitted with COVID-19. In another study,
COVID-19-associated DM and hyperglycemia were found in
19.70% and 25.23% of patients, respectively.”) In a separate
retrospective analysis, 2 (5.7%) of 35 COVID-19 patients had
recently been diagnosed diabetes.' Patients under 60 years old
had similar incidence of DM and pre-existing DM as those
over 60 years old.""! However, the patients under 60 years old
exhibited a substantially higher mean HbA1C level and had
higher BMI than older individuals (8.0% vs 6.9%; P = 0.003).1"
In our study, most (86.6%) of the patients who had dysregulated
glucose levels were under 65 years of age suggesting that younger
individuals are more likely to have aberrant glucose metabolism
because of obesity, putting them at a higher risk of having severe
COVID-19. In our study, it was found that severity of admission
was significantly associated with NODM. Similarly, in another
study conducted by Fadini ¢z 2. after adjusting for age and
sex, diabetes (pre-existing and newly diagnosed altogether) and
COVID-19 severity remained significant (RR 1.49; 95% C.I.
1.07-2.09; P = 0.019). The study stated that COVID-19 severity
was significantly stronger for patients with NODM than for
those with pre-existing DM.I'! Altogether, our study states that
COVID-19 severity can predict NODM.

In our study, 14 (14%) patients had positive family history of
diabetes. It was reported that people with family history of DM
develop an early endothelial dysfunction, which would increase
the susceptibility and severity of infection and damage to the
endothelium, in the patient infected with the SARS-CoV-2."
Hence, this indicates that endothelial dysfunction might lead to
NODM indicating positive family history is a strong risk factor.!"*
Likewise, in our study, 60% of the patients who developed
NODM had positive family history of DM. Also, a recent case
study reported that out of the three cases studies two cases had
positive family history of DM.[" While in another Indian study,
out of 273 NODM patients, 39% had family history of DM,
however the association was statistically insignificant.’” In our
study, COVID-19-associated NODM may predispose patients
for higher demand for oxygen support and steroid treatment
which eventually led to prolonged hospital stay and worse clinical
outcome. Similarly, Montefusco ezal,” reported that patients with
NODM required a longer in-hospital stay, higher proportion
requiring oxygen support and ventilation as compared to patients
with normoglycaemia.

In our study, two (2%) patients developed DKA, both had
positive family history, of whom one was non-diabetic at
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Figure 4: Flowchart showing the strong predictors of NODM. BMI, Body mass index; NODM, New onset of diabetes mellitus, NOPD, New onset

pre-diabetes

admission and other was pre-diabetic at admission [Figure 4].
In a Chinese study, 27 out of 42 COVID-19 patients who had
nevet been diagnosed with diabetes expetienced ketoacidosis."
According to an UK. study, children with DKA presented more
frequently during the pandemic period (10% severe pre-pandemic
vs. 47% during the first wave of the pandemic) and had higher
HbAlc (13% vs. 10.4%).P” Insulinopenia is likely to cause
DKA in COVID-19 patients."! In another large U.S. study,
COVID-19 patients had higher BMI, greater insulin requirement,
and protracted time to resolution of DKA than those without
COVID-19.” Therefore, high degree of suspicion is essential
to improve the timely prognosis of COVID-19-related DKA.

In our study, when compared to pre-diabetics or non-diabetics,
most symptoms (polydipsia, hair loss, polyphagia, and weight
loss) persisted even after three months in NODM patients. In a
case series from Bihar, young, non-diabetic individuals presented
to hospital within one month post-COVID infection, with
fatigue, polydipsia, polyuria and weight loss and were diagnosed
with NODM and DKA.PY Also, ADA states that polyutia,

[10]

polydipsia, weight loss, polyphagia are symptoms of diabetes.

It was known that although steroids are safe and effective,
high-dose steroids causes serious side effects especially
altered blood glucose levels in COVD-19 patients.” Previous
studies showed that 53—70% of individuals without diabetes
develop steroid-induced hyperglycemia.?! A meta-analysis of
13 studies showed that overall, 32.3% of people developed
glucocorticoid-induced hyperglycemia and 18.6% developed
diabetes.?” In this study, 31 required steroids, of which
11 (35.5%) developed NODM after three months. This indicates
that using steroids in patients admitted to the hospital with
COVID-19 may therefore be associated with an increased risk
of developing diabetes, which could be attributed to delayed
recovery of P cell function

In our study, 39 out of 58 (67.2%) non-diabetics did not require
steroids yet 20 of those 39 patients (51.3%) developed impaired
fasting glucose levels (stress induced hyperglycemia). Of these
20, 4 (20%) developed NODM (Ref Supplementary Table 1).
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However, 4 out of 15 NODM (26.66%) did not require steroids
and did not have impaired fasting sugars (i.c., FBS >125 mg/dl)
yet developed diabetes after three months. This indicates that
COVID-19 can be an independent risk factor for developing
new onset diabetes. A recent China study also reported NODM
in 3.3% of 1,733 people at 6 months following discharge from
hospital with COVID-19.1 Another UK-based study also
reported that 47,780 people discharged from hospital following
admission for COVID-19 showed 4.9% developed diabetes at a

3 Tn another Italian-based cohort

mean follow-up of 140 days.!
study conducted among 551 patients hospitalized for COVID-19
showed altered glycometabolic control, with insulin resistance and
an abnormal cytokine profile, in 27% of normoglycaemic patients
for at least two months in patients. Altogether the aberrant
glycometabolic control persisting even after recovery mandates

further investigation of metabolic abnormalities in long run.l

The findings of this study should alarm clinicians that new onset
diabetes is a serious prognostic factor for COVID-19.

Limitations

This was a single institution study and convenient sampling was
done from patients admitted to a government hospital which
makes generalization difficult. This study was conducted during
peak of Delta variant of SARS-CoV-2 in India, thus these
findings cannot be extrapolated to all SARS-CoV-2 variants. Also,
ours being a government center, majority of lower and middle
socioeconomic patients seek care at our center, thus, data of
patients belonging to high socioeconomic stratum being admitted
in private hospitals in India with acute COVID-19 is missing. Our
study did not distinguish between Type 1 and Type 2 DM. Finally,
a thorough understanding of the exercise and dietary patterns
would have been preferable. These data could be extremely useful
in determining the risk factors for NODM in this population.

Conclusion

Positive family history, higher BMI, higher steroid dosage,
and duration in non-diabetics are strongly associated with and

Volume 11 : Issue 10 : October 2022



Keerthi, et al.: New onset diabetes mellitus in COVID-19 infected patients

probable predictors of NODM. Thus, we recommend HbAlc at
follow up to screen for NODM. Also, severe COVID-19 should
probably be considered as an independent risk factor of NODM.
Because of the limited follow-up of these individuals, it is unclear
whether NODM will be permanent. Therefore, further larger
studies and more prospective metabolic investigations are needed
to determine a definitive correlation, etiology, possible risk
factors, prognosis, and treatment for NODM post-COVID-19
infection.
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